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S U M M A R Y  

# 6 1 - 3 3 9 8 3  
The p resen t  memoir has for its o b j e c t  t o  show t h a t  t h e  formulas  

t h u s  far a d m i t t e d ,  a r e  inacceptab le ,  and t h a t  i t  is appropr i a t e  t o  cons- 
t r u c t  the  r e l a t i v i s t i c  tkermodynamics on new foundat ions.  It is s p e c i f i e d  

i n  p a r t i c u l a r ,  that t he  t e m e r a t u r e  is t o  be transformed accord ing  t o  t h e  

formula T = T , / ~ -  and not T = : T ~ ~ - .  

* 
* *  

Most of r e l a t i v i s t i c  au thors ,  and i n  p a r t i c u l a r  von Laue [l], 
P a u l i  C23, Tolnan C33, Louis de Broglie c43, Moller c53, McCrea c61, 
give t h e  fo l lowing  formulas for t h e  t r a n s i t i o n  from t h e  proper r e f e r e n t i a l  

K, ( i n  which t h e  considered thermodynamic system is a t  r e s t )  t o  ano the r ,  
G d i l e a n  r e f e r e n t i z l  K ( v e l o c i t y  V' r e l a t i v e  t o  KO) 

0 0  + B'Po"y, 
lJ= diI-pi ' 

dQ = dl - BsdQo , 
s = so , T = ~~q 

* Transformation r e l a t i v i s t e  de l a  tempkrature e t  de quelques a u t r e s  
P~randeurs thermodynamiques, 



2. 

- U denoting the  i n t e r n a l  energy, the  volume, E t he  uniform pressure  

which the  system is assumed t o  undergo, Eis the  work suppl ied  by the  

system ou t s ide ,  Q t h e  quant i ty  of absorbed hea t ,  S_ t he  entropy,  the  
temperature. 

Others make t h e  d i s t i n c t i o n  between t h e  Planck h e a t  and t h e  cova- 

r i a n t  hea t ,  but they too  transform the  Planck h e a t  and temperature according 

t o  t h e  above r e l a t i o n s .  This  viewpoint w i l l  be found i n  t h e  Costa de Beau- 

regard  work C7] with  bibliography. 
I in tend  t o  show t h a t ,  except f o r  t he  t r m s f o r m a t i o n  of S , t h e s e  

formulas a r e  erroneous.  I s h a l l  f i r s t  of a l l  e s t a b l i s h  t h e  formulas which 

I consj-der t o  be c o r r e c t ;  I s h a l l  then show f o r  what p r e c i s e  reason t h e  

fo rnu la s ,  sub jec t  t o  c r i t i c i s m ,  are not  acceptable  ( r e l a t i v i t y  of t he  si- 

multanei ty) .  

2. -TRANSFORMATION OF TEE VORK OF A UNIFORM PRESSURE ACTING UPON A SOLID .--- I - 
2.1.- Pressure P a r a l l e l  t o  the  Ve loc i ty . -  Let us consider ,  at 

r e s t  wi th in  KO, a rec t angu la r  p a r a l l e l i p i p e d ,  of which t h e  two opposed 
bases of su r face  So, a r e  sub jec t  t o  a uniform pressure  po between the 
moments of time to = 0 and to = T o .  There w i l l  be no poss ib l e  confusion 

with the  same l e t t e r s ,  denoting i n  o the r  paragraphs t he  temperature. 
L e t  us denote these two bases  by the  l e t t e r s  A and B, and l e t  to 

be t h e i r  d i s t ance  f o r  to =O. If t he  p a r a l l e l i p i g e d  surrounds an e l a s t i c  

medium a t  the  i n s t a n t  t o =  To, 
t h e  f a c e s  w i l l  have s h i f t e d  by 

AZO. 'The work supTlied between 

0 and to has f o r  value, i n  

v0 = 2p0 as, mQ = p Q ~  v, . 
The impulsion suppl ied 

is zero. 
Lei; us reiaiie iiis I).LLc:- 

0 L 
Fig. 1. nomenon t o  a r e f e r e n t i a l  K, 

r e l a t i v e  t o  which the  p a r a l l e l i p i p e d  has the  v e l o c i t y  c, normal t o  f a c e s  

A and B (we s h a l l  subsequently consider  t he  o t h e r  case) .  The only clear 



and c o r r e c t  procedure 
punctual  events.  Here the  events  are 

c o n s i s t s  i n  t ransforming the  coord ina tes  of the  

as fol lows : (Fig. 1): 

t he  pressure  begins  i n  A xo = 0, t o = o ,  

11 11 11 i n  B xo = I ,  t o = O ,  

the  pressure  ends i n  A x0= At?,, t o  = Ti0 9 

11 11 11 in B 4 = 4- 410 t o  = To * 

Let us t ransform these  coordinxtes  with the  f o m u l a s  

Ih K they become : 

the  pressure  begins  i n  A x = o ,  t = O ,  

11 11 11 i n  B 

the  p re s su re  ends i n  A 

I t  11 I 1  i n  B 

Let us compute t h i s  work. I n  order  t o  t ransform t h e  forces, and 

s i n c e  here ,  w i th in  K o , t h e  point  of a p p l i c a t i o n  s h i f t €  , we must u t i l i s e  
the  formulas 

a---+.tnn by 1 ~ -  t he  v e l o c i t y  o f  the poin t  of applying of forces .  In t he  
--U 

U G A L V  v u r p  

p r  e s e n t  c ase 
2(01=u0.=0, Y o = a o = o ,  

x 3x0, p = z  = o .  



Thus, t h e  fo rce  which e x e r t s  i t s e l f  uyon t h e  f a c e s  A and B has  

i n  K t h e  va lue  poSo. Over t h e  f a c e  A we have the  work 

and over B 

The t o t a l  work i n  K is 

Thus we o b t a i n  the trz.rsfornri , ion r e l a t i o n  

Let u s  now provide for t h e  i n t e r v e n t i o n  o f  t he  volutnes V -  and 

I’--$” wT:ich corresnord by s i s u l t a n e o u s  observa t ion  i n  K t o  thc  volumes 

nnd V o - A V o .  I!e then have 

am2 not  p d V  Las is often wri t t en .  

We s h a l l  f u r t h e r  analyze t h e  phenomenon. The body is at  res t  i n  KO 
which i s  i n  agreement wi th  a r e s u l t a n t  f o r c e  and impulsion e q u a l  t o  zero.  
I n  K t he  s o l i d  has 8 uniform v e l o c i t y .  But, because of eneraby i n e r t i a ,  i t s  
mass i n c r e a s e s  and t h e  quan t i ty  of motion underyoes thus  t h e  a c c r e t i o n  

Tc that effect PSI i r 3 u l s e  of e q u a l  va lue  i s  requ i r ed  i n  t h e  d i r e c -  

t i o n  of d. Indeed, t he  force  ac t i r , c  upon the  f c c e  Aprov ides  t h e  impulse 
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and t h e  one a c t i n g  upon the face B i s  

J e  t h u s  o b t a i n  t h e  requi red  value.  

2.2-Pressure fiormal t o  Veloci ty . -  L e t  us cons ider  the case  of 
F i s . 2  where t h e  v e l o c i t y  i s  parallel t o  po. I n  KO we always have 

= 2p,Sa No = po ATo . 

0 

Fig. 2. 

For t he  even t s ,  i n  KO 

t o = o ,  t h e  p re s su re  begins  i n  A x o = 0  Yo = 0 

I t  I 1  11 in B $ O C , = O  yo = lo  k=O, 

I n  t h e  r e f e r e n t i a l  K 

t h e  p re s su re  begins  i n  A $= 0 

11 18 11 in B x = O  

y = o  

Y = lo  

t = O ,  

t = O ,  



t he  p re s su re  ends i n  A 

L e t  u s  c o q u t e  t h i s  work. i n  t h e  t ransformat ion  formulas of t h e  

f o r c e  components, we have here  

uo, = u, = 0 , &= zo= 0 ,  

and subsequent ly  

The f o r c e s  

The fc rces  

X=-- Yo, 
e' To 

nornc3- t o  t h e  : r c l o c i t r  supply t h e  work 

2 Y 0 m  Alo = 2p0 dls,.\/T-B'Al, = po A 6 4 1  - p .  

T n r n l l - e l  t3 t h e  v e l o c i t y  provide t h e  work 

2a Al, 
ca To 
-- 

Rence, t h e  t o t a l  work is 

aad f i n a l l y  

We should note  t h e  e n t i r e l y  r e x a r k t b l e  r o l e  played i n  K by t h e  

component of t h e  fo rce  p a r a l l e l  t o  t h e  v e l o c i t y  (component t h a t  does n o t  

ex i s t  i n  KO). 
L e t  us cons ider  now the ques t ion  of impulses. The q u a n t i t y  of motion 

of  a s o l i d  i n  the  s t a t e  o f  uniform v e l o c i t y  undergoes the  a c c r e t i o n  

An e c u a l  i::i?ulse i s  requ i r ed  i n  t h e  d i r e c t i o n  of Y. 
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Eut we have a fo rce  X t h a t  a c t s  i n  A and B during the  t i y e  

Thus a l l  is i n  order .  Note t h a t  the normnl ir.lpulse t o  t h e  speed - 
is  ze ro  s i x c e  t h e  same f o r c e  Y acts dur ing  t h e  same tb 'e T o / d 1 - p '  i n  t h e  

op?osi te  d i r e c t i o n s  over  t h e  two faces .  Therefore ,  L t h e r e  is n e i t h e r  i n p u l s e  

nor t r a n s v e r s e  q u a n t i t y  of motion. 

3 .  - TRANSFORT4ATION - 03 IiTCERNAL ELXRGY 6rTD OF THE QUANTITY OF IIEAT 

2 I f  W is t h e  t o t a l  energy, t h e  t o t a l  mass of the  s o l i d  is W/c . 
The q u a n t i t y  W is t h u s  transformed as a mass 

wo (1) R= ___ d1-p - 
By v i r t u e  of equivalence t h e  q n c t i t y  of beat is transformed as a 

work 

A t  any ra te ,  i t  can be demonstrated d f r e c t l y  sta35.95 from t h e  

d e f i n i t i o n  of Q. The a u a n t i t y  of h e a t  i s  a d i l u t e d  k i n e t i c  energy. 

Assume t h a t  a t  a given moment of t h e  a group of p a r t i c l e s  move i n  
a c o t i c  f a sh ion  about t h e i r  i n e r t i a  c e n t e r  G, f i x e d  i n  a referential R. 
The v e l o c i t y  g of one of the p a r t i c l e s  is at  t h e  angle a wi th  t h e  axis Ox,. 

K i t h  r e s p e c t  t o  another  r e f e r e n t i a l  K, t h e  t o t a l  energy has  f o r  express ion  

T h i s  express ion  is obt<?-ined by w r i t i n g  W = mc2 f o r  K and by 
t ransforming  the  v e l o c i t y  of t h e  p a r t i c l e .  

For the  aggregate  of p a r t i c l e s  we have t h e  t o t a l  ene rgy :  
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By v i r t u e  a? t h e  f k e d n e s s  of  G, we have i n  I$, 

H6-rc? r-.r:u1.Ls (1). I n  o ther  r e s p e c t s ,  if E E E c  cl.nd C E o c  denote t h e  

t o t a l  k i n e t i c  energy, 

Q a = z E a e ,  ua=Wo,  

Hence t h e  t r a n s f o r x t i o n  of Q and U. 

4. - ENTROPY AND TEI.IPEP,ATURE 

All t h e  au tho r s  show, by r e f e r r i n g  t o  i ts  s t a t i s t i ca l  i n t e r p r e t a t i o n ,  
t h a t  t he  entropy is an i n v a r i a n t  

9 =  &. 

I f  w e  wish t o  preserve an i n v a r i a n t  form t o  t h e  Carnot principle ,  
we must t ransform t h e  temperature acco rd in r  t o  t h e  formula 

This  t ransformat ion  is ,  at any ra te ,  ob ta inab le  d i r e c t l y  s t a r t i n g  
from t h e  d e f i n i t i o n  of t h e  t e rqe ra tu re .  However, t h i s  is no t  a proper p l ace  

f o r  t h e t  d e f i n i t i o n  t o  be discussed i n  t h e  gene ra l  case. But everyone admits 

t h a t  i n  case of p e r f e c t  gases 



This  equcition i s  wr i t t en  i n  proper r e f e r e n t i a l  

P O Y O  = RT, . 
I n  another  r e f e r e n t i a l ,  an< tr:'F.tiris R as a cons tan t ,  we have 

6. - QUADRIV3CTORS 

!dith t h e  above t ransformations,  t h e  p r i n c i p l e  of equivalence has 
t h e  i l l va r i an t  form 

dQ = dU- d.T . 

Let us in t roduce  the  f ~ l l ~ o ~ i i ~ g  quadr ivec tors  : 

qundr ivec t o r  -f orce Ki of coaponent s 

being t h e  f o r c e  and to t h e  proper t ime;  

quadrivector- inpulse  Z7' of components 

n'= - '' v' (?' being  t h e  quadr ivec tor -ve loc i ty)  
C' 

pu <%dr ive c t o r  -h e a.t 

8 ' = ,  Qo V ' .  

rn. lnt:  ~qi . i i -~-xlcccz y r i n c i - p l e  is w r i t t e n  

K'dt 0 -  - m-- dQ' . 
By rlaf ining a aundrivec t o r  temperature 

t h e  Carnot p r i n c i p l e  is writte- 
P' = rev* 

dQ' < MOT' . 
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Remark. - One might a l s o  have t o i n v o l v e  t h e  d e n s i t i e s  of  h e a t  

and entropy and the  corrcsponding qundr ivec ta r s  

q'=p0vi, d=u ,Vi .  

This  would impart t o  t h e  Carnot p r i n c i p l e  the  express ions  

dS0 , arqjct0<- i - T ~ T ~ ,  
R 

being  t h e  element of volume with fou r  dimensions. 

We might also w..-ite 

form due t o  Tolmzn and  which remains v a l i d  w i t h  t h e  new transformations.  
But t h e  precedin5 express ions  appear t o  be more i n t e r e s t i n g .  

They have f o r  d e f i n i t i o n  and for t h e  r e s p e c t i v e  t ransformat ion  
fornu1:x : 

entha lpy  : 

f ree  energy:  

A =  U - T S ,  

thermodynamic p o t e n t i a l  o r  f r e e  en tha lpy  : 

9. - B U C K  RADIATION 

Assume an i nc losed  space of volume 9 con ta in ing  black r a d i a t i o n  

and endowed w i t h  a v e l o c i t y  rF/. The preceding a u t h o r s  give t h e  fo l lowing  
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formulas f o r  t he  t o t a l  energy W and t h e  irnri.d.se I 

These for imlas  a r e  due t o  FIosengeil; they  were adopted by t h e  

? .heady  named authors  (von Laue, Fiol ler ,  e t c .  1. With my t ransformat ions  

I L~ led t o  rep lace  t h e  above expressions by 

WO w= (1- /9~)a,V!P = -- 
4 1 - p a '  

I = (1- /3')ao-YT' 3 - 5) 

The c o e f f i c i e n t  a, is defined by t h e  Stefan law 

P )  One may s e e  t h a t  t he  d i v e r r e m e  between my r e s u l t s  and t h e  Fre- 
vious  ones o r i g i n a t e s  e s s e n t i a l l y  i n  t h e  t ransformat ion  of d f. 
cedin,? au thors  uti ' ize inco r rec t  S o r w l a s  f o r  t h e  t ransformat ion  of t h e  

force; they do c o t  tA;e account of the f m t  that even t h e  m o p e r  r e f e r e n t i a l ,  

t h e  poin t  of a"1iance of tb.2 force ,  is mobile. 

The pre- 

A t  any r a t e ,  t h e  new f o r m l a s  a r e  far more s a t i s f a c t o r y .  It is indeed 

n z t u r a l  i n  r e l z t i v i t y  t h a t  W, 9. a n d  T t ransform themselves as a m c i s s  o r  

as an ener ,T.  

b) 'de m u s t  beware, ho..;ever, not t o  cons ider  my t e x t  as r e j e c t i n g  

a t  sll i n  o rde r  t o  adopt t h e  TP t h e  hea t  Q, 
cc-:~yi?~).f hen+ 0 pnd temneriture T. Inc'eed, t1.a m e c e d i r e  aut::ors w r i t e ,  

and t h e  Planck te-riwratvre 

f o r  example, 
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wherees I write 

Qo 
41- p' Q r = Q ,  T,= T ,  Q r -  - *  

Thus, I do not  r e j e c t  one of  t he  c a t e g o r i e s  of concepts ,  but  I 
silow t h a t  both c a t e g o r i e s  are i d e n t i c a l .  F i n a l l y ,  one should not  assimilate 

my temperature  T t o  the  temperature V = l / T  u t i l i z e d  by c e r t a i n  au tho r so  

The u t i l i z a t i o n  of yl seems t o  me u s e l e s s ;  b u t  i f  i t  is used, i t  must b? 

t r ans fo rned  according t o  
- 

yJ = W o 4 1 -  p' 

whereas o t h e r  previous au tho r s  m i t e  

c )  Schlomka [8] states  th;t both,  t h e  hea t  and t h e  temperature  
a r e  i n v e r i z n t s .  T o  show Lhis he cons ide r s  i n  KO two moving bod ies  of iden- 

t i c 3 1  proper  l a s s  mo, endowed with equa l  and oD?osed v e l o c i t i e s .  P r i o r  t o  

t h e  impact w e  hcve i n  KO t h e  i v u l s e  and t h e  energy 

p ' = O ,  NO = 2m0c2 + w: . 
I n  anot!>er r e f e r e n t i a l  X 

Afte r  or, i n e l a s t i c  i npac t  t h e  two moving bodies  remain a t  c o n t a c t ;  

t h e  new proner nass then  is Mo, s o  t h a t  

Mac' = 2 m,c' + w,o . 
We t h e n  may cons ider  t h a t  t h e  k i n e t i c  enerm t ransformed i t s e l f  

5 z t e  hez t  cf Froper value G e = l y .  

We v e r i f y  that the  d i f f e rence  of k i n e t i c  e n e r g i e s  i n  K , p r i o r  and 
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a f t e r  t h e  i l n p x t ,  is an inva r i an t ,  bu t  t h i s  d i f f e rence  is no t  equa l  t o  

t h e  q u a n t i t y  of hea t ,  as bel ieved by Schlomka. 
InGeed, t h e  t o t z l  ener'cy hcls for e-:mession 

We must consider as heat  I.: I; 
n 

tl-..: mm of t h e  terms con ta in ing  W 

m I ~ F :  hezt i o  e - u - l  t 3  t l ic  c'ff:'ere::ce o i  t he  proper  masses p l u s  t h e  

k i n e t i c  encrzy of t?..t  d i f fe rence .  i n  o t h e r  words, p a r t  of t h e  k i n e t i c  

ener,gy z f t m  t h e  i!3p:.ct c o n s t i t u t e s  h e a t  i n  motion. 

The Schlomka e r r o r  c o n s i s t s  i n  not  cons ider ing  t h e  k i n e t i c  energy 

of  t h e  h e a t ,  bu t  only o f  energy zt r e s t .  I n  t h i s  case one might alsc. say 
t h a t  t he  mass is  a n  i n v a r i a n t ;  but  t5is would be language abuse, f o r  w i t h  

t h r t  s o r t  of lsneuzge any phys ica l  q u a n t i t y  could be an i n v a r i a n t ,  

Thus, t h e  conclvsion r e l a t i v e  t o  T is a l s o  t o  be r e j ec t ed .  

Cont rac t  No , NAS-5-3760 
Consul tan ts  L Designers,  Inc. 

Arl ington,  V i r g i n i a  

Trans l a t ed  by ANDRE L, BRICHANT 

on 1 and 2 November 1965 
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